There are approximately 40 disorders of amino acid metabolism. Some present acutely in the neonatal periodI and require rapid investigation (within 24 h). It can be advantageous to have a provisional diagnosis provided locally. Other amino acid disorders present less acutely in infancy/childhood or in adults. In these cases, it can also be an advantage to provide some amino acid screening locally so that only the possible/probable abnormalities are referred to a specialist laboratory for confirmation. Clinical chemistry laboratories that perform amino acid investigations must, therefore, be able not only to provide both rapid and accurate identification of amino acid abnormalities, but also to interpret their findings and decide upon the most appropriate action. This is complex, requires expertise and skill and in our experience often causes considerable difficulty leading to misinterpretation and missed diagnoses. This paper is intended to highlight limitations and possible pitfalls of commonly used procedures and provide a guide to aid interpretation of amino acid abnormalities.
Investigation procedures SPECIMEN REQUIREMENTS (URINE VS BLOOD)
Amino acid chromatography is used to detect both primary disorders of amino acid metabolism (e.g. maple syrup urine disease) and disorders of renal tubular reabsorption (e.g. cystinuria). In most patients with disorders in the former group the abnormal amino acids are clearly increased in both plasma and urine although the abnormality is usually more pronounced in urine. In some instances, however, the abnormal amino acid(s) in urine may only be slightly increased and such a finding should be followed up with plasma amino acid chromatography. Maple syrup urine disease (leucine! isoleucine and valine), methioninaemia and citrullinaemia are particular examples of this problem. In primary disorders of renal tubular transport only the urine amino acids will be abnormal, thus these conditions will be missed if plasma alone is studied.
Urine and plasma should be analysed for optimum results. In reality amino acid chromatography is performed more frequently on urine than plasma because urine is more easily obtained and is usually available in larger quantities. With good techniques and interpretation an amino acid disorder is unlikely to be missed by analysing only a urine specimen although a definitive diagnosis should not be made without also examining plasma amino acids. The use of plasma alone is not recommended as some diagnoses can easily be missed (e.g. non-ketotic hyperglycinaemia, homocystinuria).
SPECIMEN COLLECTION/STORAGE
Full information about the feeding regimen and all medication in the 2-3 day period immediately preceding specimen collection is essential for interpretation (see under 'artefacts'). A fresh random urine sample (2-3 mL) is adequate for amino acid analysis. If analysis is delayed for any reason the specimen should be stored deep frozen (-200C) . Bacterial contamination is a problem with urine specimens' 129 TABLE 1. Changes in urinary amino acids which may occur due to bacterial contamination TECHNIQUES There are numerous chromatographic/electrophoretic systems which can be used to separate amino acids in biological fluids. The choice of method depends on available equipment and experience with the technique. The most important aspects when choosing a method are its reproducibility, a knowledge of the pattern of both normal and abnormal amino acids in the system and an appreciation of the limitations of the system.
The most commonly used technique is thin layer chromatography (TLC) (either one-or two-dimensional); the more sophisticated highperformance liquid or ion-exchange chromatographic techniques generally being used only in the more specialised laboratories for confirmbecause amino acids are used as an energy source and amino acids and organic acids are both produced and consumed (Table 1) . Preservatives such as merthiolate or thymol may be used if there are likely to be transport delays provided this does not interfere with other investigations (e.g. measurement of organic acids or glycosaminoglycans).
Heparinised plasma is preferred to serum or other types of anti-coagulated plasma. This is particularly important if the amino acids are sUb~uently quantitated, as artefacts may occur. Blood for quantitation should be taken just before a feed whenever possible, and plasma stored deep-frozen (-20"C) prior to analysis. It is necessary to deproteinise plasma immediately (i.e. in less than 30 min) if the sample is required for the measurement of sulphur-containing amino acids (especially homocystine and cystine).
In an emergency situation when a patient is deteriorating rapidly, samples should be collected at the earliest opportunity. Some diagnoses can be made post-mortem. In these cases the most useful samples are likely to be blood, urine and skin (for culture)." It is important to record the time of sampling in relation to death. ation or quantitation. For some TLC methods urine will require de-salting. and there are a number of techniques available for this, each with certain advantages and limitations. The more common de-salting techniques employ ion exchange resins or solvent extraction." Accurate identification is difficult using onedimensional methods because many amino acids co-chromatograph e.g.; citrulline and glycine. Although two-dimensional systems achieve a much better separation, identification can still be difficult, for example. lysine and ornithine may not separate. For plasma. onedimensional TLC is adequate as a 'screening' procedure whereas for urine two-dimensional TLC is preferable. The methods which are in use in the authors' laboratory together with some simple urine screening tests are detailed in Appendix I. Readers are reminded that unnecessary change from an existing satisfactory method is undesirable, as it can take considerable time to build up sufficient expertise with a new method.
Interpretation
This section discusses the interpretation of urine amino acids.
WHAT IS NORMAL?
Urinary excretion of amino acids is strongly influenced by age, due to the immaturity of renal tubular reabsorption systems at birth. The subsequent maturation of tubular function influences mainly the reabsorption systems for amino acids and glycine, and for dibasic amino acids and cystine. This causes a physiologic iminoglycinuriaand lysine/cystinuriaduring the first year of life. In addition to changes in these specifv-transport systems. tubular maturation leads to an increase in the total functional capacity of the nephron and therefore, there is an increased amino acid excretion in the neonate compared with an older child. In the older child/adult the most prominent amino acid is glycine. This is illustrated in Fig. 1 .
Deciding whether there is a generalised increase in the pattern can be difficult. Urine concentration should be taken into account when loading the chromatogram. but even then, urines which are particularly dilute or concentrated can give misleading results. If there is doubt about a slight generalised increase a repeat urine should be investigated.
IDENTIFICATION
Accurate identification of amino acids is essential before attempting interpretation. Spiking with the authentic compound. co-chromatography. and use of special stains are simple. and may help to confirm the identity of an amino acid. In most cases (for urine). 2-3 ul, of a 2·5 mmollL solution of the amino acid is an appropriate 'spike'.
Chromatograms can also be stained or overstained with different locating reagents. for example. Ehrlich's reagent for homocitrulline and citrulline.": S Even so. further investigation to confirm identity (e.g, ion exchange chromatography) will often be required. if necessary by a specialised laboratory.
Artefacts
It is also most important to appreciate some of the 'abnormalities' which arise from artefacts. obtain a repeat specimen if bacterial contamination is suspected.
DIET
Some amino acids in urine may be related to particular dietary foods. For example. a diet rich in poultry may give rise to carnosine. anserine and methylhistidine(s) in the urine. whereas shellfish can give rise to taurine. Homocitrulline is often found in urine of babies fed with formula milk. Total parenteral nutrition can lead to a generalised aminoaciduria and in some babies is associated with hyperphenylalaninaemia.
As well as attributing abnormalities to diet. it is important to ascertain whether the patient is on a normal diet before deciding there is no abnormality. If the patient is vomiting or is on intravenous fluids only. the precursor for a defective enzyme may not build up in sufficient quantities to be detected and thus a diagnosis may be missed. In such patients. if a urine sample obtained while protein intake is very low shows no or only minimal abnormalities, then a repeat sample should be obtained when the patient is again taking a normal diet.
DRUGS
Drugs are a common cause of interpretive problems. Drug interferences fall into two groups-those which interfere by giving rise to ninhydrin-positive spots, and those which affect amino acid metabolism. Examples of these interferences are shown in Table 2. OTHER METABOLITES In addition to amino acids and drugs, some abnormal metabolites produced in lysosomal . storage diseases may stain with ninhydrin. Carbohydrate metabolites may give unusual colours with ninhydrin, for example aspartylglucosamine will appear as a brown spot. Extra heating of the plate at 1200C will produce a colour change to bright blue." In fucosidosis the amino acids appear normal, but an additional spot appears on heating.
7 Any unusual coloured spot which cannot be attributed to a drug metabolite should be further investigated.
Amino acid cUsorders
There may be several causes for an increase in a particular amino acid (or acids) in urine. Different metabolic disorders may present with similar abnormal urine amino acid patterns. This is partly due to the renal transport mechanisms for the reabsorption of amino acids. Groups of amino acids (e.g. basic amino acids and cystine) share the same transport mechanism, and a' primary disturbance of one amino acid in this group can lead to increased TABLE 2. Interferences with urinary amino acid analysis due to drugs excretion of other amino acids in the group due to competition for transport sites. For example in lysinaemia, a primary defect of lysine metabolism, the resulting lysinuria will affect the reabsorption of cystine, ornithine and arginine producing an aminoaciduria similar to that found in the renal tubular disorder Iysinecystinuria. Plasma amino acid investigation and simple urine screening tests may help to distinguish between the diagnostic possibilities.
To help with interpretation of urinary amino acid excretion and guide further investigation we have considered individual amino acids (see Appendix 2) and listed those. findings which support a particular cause and suggested further investigations. In most instances these further investigations are outside the remit of a District General Hospital and it is intended that such requests be referred to a specialist laboratory." The tables are not meant to be exhaustive and the reader is referred to Bremer et al. 5 for further details.
HOMOCYSTINURIA
This is a particularly difficult diagnosis to make. The cyanide-nitroprusside test should be positive, but a negative result may be obtained if the urine is very dilute or not fresh. Because of the low concentration of homocystine in urine in some types of homocystinuria, it is very important to keep the specimen frozen until analysis. In classical homocystinuria (due to cystathionine synthase deficiency) methionine is usually also increased in plasma and urine, but there are some variant forms of homocystinuria which have normal or even low plasma and urine methionine. When looking for homocystine in plasma, samples should be deproteinised as soon as possible after venepuncture. In defects of homocystine metabolism which involve vitamin B I2 metabolism, methylmalonic aciduria may also occur. 
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Appendix I-Methods for investigation of amino acid disorders URINE SPOT TESTS These screening tests'! are used as an aid to the
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investigation of amino acid and some other metabolic disorders. Most of the tests are nonspecific, but a positive screening test may direct further investigations to some extent.
Ferric chloride test
Ferric chloride reagent. Dissolve 1 g ferric chloride and 1 g ferrous ammonium sulphate (Fe(NH 4h(S04h.6H20) in 100 mL of 0·02 M HCl. Add 10 drops of urine to 1 mL of ferric chloride reagent. Ferric chloride gives a characteristic green colour with phenylpyruvic acid and suggests a raised phenylalanine. It is useful in the detection of missed or maternal phenylketonuria (PKU). It is unreliable with alkaline samples and may also be subject to interference from drugs and phosphates.
Cyanide/nitroprusside (CNP) test for cystine/ homocystine
To 1 mL urine add 2 drops concentrated ammonia solution and 0·5 mL of 10% (w/v) sodium cyanide. Leave for at least 5 min then add five drops of 5'Yo (w/v) sodium nitroprusside. Positive samples give a distinct magenta colour. It is advisable to run a positive control in parallel. Any compound that contains sulphydryl groups or yields sulphydryl groups on reduction will give a positive colour change. This test is sensitive to 0·25 mmollL cystine and 0·25 mmoVL homocystine. Very concentrated urine samples will sometimes give false positive results.
Dinitrophenylhydrazine (DNPH) test for keto compounds
Reagent. Dissolve by warming 0·7 g 2,4-dinitrophenylhydrazine in 250 mL 1 M HCI. When cool filter the reagent and store it in a dark bottle at room temperature.
Cloudy urine samples should be centrifuged before analysis. Mix an equal volume of urine and DNPH reagent. Observe after 5 min. DNPH forms insoluble hydrazones with keto compounds (e.g. u-ketoisocaproic acid) which results in the formation of a heavy yel1ow/white precipitate. The presence of these keto compounds may indicate an underlying metabolic defect e.g, maple syrup urine disease.
pH and nitrite
The quality of urine specimens can be assessed by checking the pH and using the 'nitrite' pad on N-labstix.™ (Ames Division Miles laboratories Ltd, Stoke Poges, Bucks, UK). An alkaline pH is suggestive of contamination. The FIG. 2 . Positions of amino acids in plasma after separation using the one-dimensional technique described in Appendix 1.
Method
Apply 5 ilL of deproteinised sample supernatant as a I cm line located 1·5 cm from the bottom (20 cm) edge. One centimetre should be apply neat dilute 1:I with distilled water dilute 1:2 with distilled water Ninhydrin 2·5 g Isatin 0·05 g 2,6-Lutidine 5 mL Make up to 500 mL with acetone.
Apply 5 ul, of neat or diluted urine as a 0·5 em line located 1·5 cm from the bottom edge and 1·5 em from the right hand edge ofthe plate and dry. Run in solvent I for approximately 2 h. Dry at room temperature. Rotate the plate clockwise through 9<)0 and run in solvent 2 for approximately 60 min. Dry and repeat the run in solvent 2. Dry and spray with stain. Heat the plates at 100°C for 30.... 60 s to visualise the amino acids (Fig. 3) .
Plates. DC-Alufolien Cellulose (Merck Product No 5552; BDH, Poole, Dorset, UK). These are cut in half to form plates sized 10 cmx20 em. left between samples, allowing a maximum of II samples and one standard or control per plate. Run the plate twice in the solvent for approximately 45 min each time (this is to improve amino acid separation). Dry in warm air between runs and add 8 mL of stain solution to the solvent before the second run. Dry the TLC plate in warm air to visualise the amino acids (Fig. 2) 
